Abstract: A research has been undertaken studying pesticide losses from areas with intense agricultural and horticultural productions such as vegetables, cotton, pot plants and flowers, taking grab and composite samples including using passive SPMD samplers in ditches, creeks, rivers and groundwater, in addition to greenhouse and imported products. Pesticides were frequently found, occasionally in high concentrations, both in the products and in the environment. Endosulfan could be detected in the products, in pot soil and in plants, and also in the water samples, even in areas where it has been banned for several decades. Dilute concentrations of endosulfan can be detected by using passive samplers.
INTRODUCTION
Some productions, such as vegetables and flowers, occasionally use large amounts of pesticides and often with relatively toxic compounds [1] . In greenhouses the options for growth control are greater, still the application of pesticides is often high. Flooding episodes increase the danger of loosing bio-accumulating, toxic and persistent compounds to the environment. The risk from bio-accumulating pesticides can be difficult to verify at low concentrations. One example is endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzodioxathiepine-3-oxide), used to control insects in e.g. cotton production. In Norway endosulfan has been banned since 1998, but in the European Union, two member states, Italy and France, are using and exporting it [2] . In 2008, France exported 24 tonnes of the pesticide to African countries such as Mali, Senegal, and Burkina Faso. Endosulfan has been found in rivers downstream for agriculture and horticulture [3] , in wetland sediments treating landfill leachate at a concentration of 14.5 μg/kg [4] , in 5 out of 72 screened greenhouses for flower production [5] , and in tropical agricultural wetland sediments in ca 1.0 μg/kg [6] . Endosulfan has been found to bioaccumulate in eel [7] . Up to 2 % of the applied endosulfan could be lost through run-off from cotton productions, subsequently found in concentrations from 2 μg/l to 45 μg/l [8] . Experiments with spiked water showed that >90 % of applied endosulfan were removed in wetland systems [9] , and to a lesser degree during soil biodegradation [10] , although open dams are found to be more efficient the wetlands in removing cotton pesticides [11] .
Our objective is to screen the occurrence of pesticides typically used in greenhouse productions, both in the greenhouse, in the products and in the environment. A special emphasis has been focused on endosulfan, using a passive water sampler. A number of ditches, creeks, small and have been analyzed for a selection of relevant compounds, using both grab and composite water samples, including pas large streams, and groundwater downstream greenhouses sive semi-permeable membrane devices (SPMD, see Methods) samplers. In addition soil, plants and flowers were also sampled, from the commercially available products. The findings are discussed.
MATERIALS AND METHODS
This study was carried out by sampling indoor greenhouse locations in Norway, and outdoor runoff from greenhouse and vegetable growing areas in southern Norway and in Western Sydney, New South Wales, Australia.
Outdoor Productions, Norway A 1.7 km 2 area ( Fig. 1) , of which 62% is agricultural, ca. 60 km south-east of Oslo has been sampled since 1994. The area consists of clay soils with overlying 0-2 m thick silty sand. Grab-and composite samples have been collected from the creek, and grab samples have also been taken from two groundwater wells. Composite water samples are collected automatically on a volume proportional basis in all catchments [12, 13] . The sampling moment is determined as a function of the measured discharge. Each time a predetermined volume of water has passed the measurement location, a small sample of water is taken and stored in a sample container at 5 ºC. Changes in discharge lead to changes in sampling intensity, hence an increase in discharge results in increased sampling intensity while a decrease in discharge leads to the opposite.
The composite water sample in the container represents the average concentration during the sampling period. By default, composite water samples are collected for analysis every 14 days, however during periods with high runoff conditions samples can be collected more frequently. Volume proportional water sampling gives very satisfactory results compared to other sampling methods and is recommended in load estimation studies [14] [15] [16] .
The wells are 3 m deep, made of stainless steel with the bottom 1 m screened with the objective to sample the top of the ground water. The main characteristics of the water types are presented in Table 1 . The wells have been emptied one week before sampling. The sampling locations are in a triangle ca. 300 m apart (Fig. 1) at 59 o 22'50 ´´N ( Table 2) .
Indoor Commercial Plant Productions and Plant and Flower Imports, Norway
A total of 12 grab samples of water from greenhouses were taken from four areas in Norway ( Table 2) downstream sand traps, ditches, ponds and creeks and stored in one litre dark glass bottles for pesticide analyses, and in 0.5 litres polyethylene (PE) bottles for analyses of nutrients. The local samples were shipped to the laboratory the same day as collected, whereas regional samples were shipped by mail overnight. The samples were taken either within the drainage of the greenhouse, or at 20 m to 700 m downstream the greenhouse locations, mixing with surface runoff of size 0,2 km 2 to 10 km 2 . The main production in the greenhouses are flowers, potting cultures and imported plants, but also tomato and cucumber.
Outdoor Sampling, Sydney
A total of seven locations were chosen in the Hawkesbury area where there are intense productions of flowers, plants and vegetables, see location and description in Tables 3 and 4, and Fig. (2) . The locations surround the river Hawkesbury and one of its tributaries, the South Creek, and includes ditches, holding dams and small creeks. The sampling was carried out in March, 2010. The SPMD samplers were collected after one week in the water. 
Fig. (2).
Map showing the sampling points in Western Sydney [22] . 
Chemical Analyses and Compounds
The characteristics of the pesticides included in the analyses are shown in Table 5 . The adsoption coefficient is listed as the the organic carbon partition (K oc ), the half-life (T 1/2 ) is either from water, groundwater or soil. All values are selected based on a pH of 7, if variation with pH is listed. Pesticides in water samples were analyzed according to the method GC-MULTI M60, with detection limits varying between 0.02 μg/L to 0.05 μg/L. In addition one sample from the ground water Wells 1 and 3 were analysed by the mulitmethods M85 and M86. The extraction for the M60analysis was as follows: The water samples (200 mL) were extracted twice with dichloromethane (50 mL + 25 mL) after addition of 2.5 g NaCl. Ditalimfos, quintozene and triphenyl phosphate were used as internal standards and added at the start of extraction. The extracts were combined, dried over anhydrous Na 2 SO 4 , concentrated to near dryness and diluted to 1.0 mL with acetonitrile. Analysis of the acetonitrile extract was performed by gas chromatography with mass spectrometric detection (GC-MS) in scan mode and liquid chromatography with QQQ detection (LC-MS/MS). SPMDs with a total length of 91.4 cm and a triolein lipid content of 1 mL (0.95 g) were used. The SPMDs were cleaned before analysis by dipping in hexane for 20-30 seconds, dried with paper, scrubbed with a nailbrush under cold tap water, dipped in 1M HCl in 20 to 30 seconds, rinsed in cold tap water and dried, and finally dried by wiping with paper soaked in acetone. The extraction was carried out by adding the SPMD to a bottle with 230 ml n-hexane, together with the internal standards, resting for 18 hours in the dark. The extract is then transferred to an evaporating tube, the bottle is then rinsed with 60 ml n-hexane, shaken at low frequency for 6 hours. The extracts are then combined, vaporized and dissolved in 2.5 ml dichloromethane. The GPC cleanup consisted of a 0.45 m filtration following by the GPC injection and collection of the extracts that are vaporised to 1 ml and transferred to a GC-vial. The GC was set in a SIM mot with a PTV injector and a HP-5MS column with a 3 m x 0.25 mm inner diameter 0.25 mm film. Fig. (3) shows that the insecticides have a slightly higher average water solubility compared to the fungicides, that are slightly higher than the herbicides, contrary to the fact that insecticides used to being hydrophobic. Some of the insecticides have a very high water solubility. The spreading in solubility is, however, much higher for insecticides and fungicides. The order is also approximately the same for pesticide half-life and partition.
Statistical Analyses
Selected results are presented as box plots and means created with the software JMP [21] .
RESULTS AND DISCUSSION

Outdoor Sampling, Sydney
A total of 9 compounds were found in the water samples based on grab samples from Western Sydney, the herbicide atrazine being most frequently found in the water samples, and from most of the locations (Table 6) . Surprisingly, con- sidering the water flow in the river, the water sample from the Hawkesbury at Location 5 had the highest concentration found in the study area, with 1.3 μg/l atrazine. Assuming the pesticides concentrations in Table 6 are representative for the mean value for the rivers, the Hawkesbury is annually carrying 923 g pesticides, while the river S. Creek is transporting 11 g.
Location 2, a ditch, and 5, the Hawkesbury river, had lower electrical conductivity (EC) values than the other locations (Table 3) , Location 2 also showed the highest turbidity. In these waters a lot of the EC can be expected to come from fertilizer application. The pH-values of the water samples are high, indicating an influence from limestone or the use of lime as fertilizer in the area. High pH-values favor the ionization of compounds with low pKa-values ( Table 5 ).
The pesticides detected in Sydney shown in Fig. (4) clearly show a much lower water solubility, half-life and partition, compared to the values in Fig. (3) .
Endosulfan
Endosulfan was detected in three of the 7 locations in Western Sydney. The endosulfan content of the SPMD samples varied between 11 μg/kg to 116 μg/kg ( Table 7) , highest Fig. (4) . Pesticide water solubility (top, left, mg/l), half-life T 1/2 (days, top, right) and partition coefficient (log l/kg, bottom) of the pesticides detected in the water samples from Western Sydney. See also Fig. (3) . Fig. (7) . Maximum pesticide concentration (mg/l) and water solubility of pesticides found in the longterm monitoring in creek and wells. in Location 1 and 4, both dams next to the road. Also the sampler in the river S. Creek (7) showed some endosulfan. There seems to be equal amount of the endosulfan isomers alfa and beta, and the degradation product endosulfan sulphate ( Table 7) . There was no detection of endosulfan in the water samples from W. Sydney. In the water samples from Norway, detections of endosulfan varied from 0.02 μg/l to 1.13 μg/l ( Table 7) .
Longterm Monitoring, Norway
More than 90% of the samples in the creek contained detectable pesticide residues. The maximum concentration detected in the creek was almost twice the maximum found in the groundwater. The pesticide concentrations in the creek were found to have more regular seasonal peaks from 2004, see The electrical conductivity in the shallow groundwater was about 600 to 1000 mS/cm ( Table 1 ), higher that the creek water in Western Sydney. The creek receives most of the nitrogen fertilizer run-off, but the groundwater in this area has the same concentrations of P as do the creek water. The groundwater in Well 1 is elevated indicating more reduced conditions at this location, although the groundwater level is the same.
For the pesticides detected in the long-term monitoring in the creek and in the groundwater, the insecticides and herbicides have a slightly lower average water solubility compared to the fungicides (Fig. 6) . The spreading in solubility is large towards lower values for the insecticides. For half-life and organic partitioning the values are significantly higher for the insecticides, the herbicides having relatively low residence time in the environment. The highest concentrations are found for the herbicides.
The highest concentrations are also found in the creek (Fig. 7) , also showing a higher mean concentration compared to the samples from groundwater. The average water solubilities of the compounds found in groundwater is, however, higher than those found in the creek.
Indoor Productions and Imports, Norway
The concentration of pesticides in flowers, pot plants and pot soil frequently was found at levels of several mg/kg, see Table 9 , both for insecticides and fungicides, eg. endosulfan, cypermethrin, fenamidione, fluzilazol and iprovalicarb. Some concentrations exceed toxicity limit values. The high range concentrations in flowers are found in flowers imported from Africa.
For the pesticides detected in the monitoring of the indoor productions, the insecticides and fungicides have a slightly higher average water solubility compared to the herbicides (Fig. 8) . The spreading in solubility is larger for the insecticides. For half-life the values are slightly higher for the insecticides, but this is not the case for the partition coefficient.
For the pot plants there seems to have been a shift from equal mean concentrations between fungicides and insecticides in the soil, to higher concentrations of insecticides in the pot plants (Fig. 9) . For the flowers the highest concentrations that are found are fungicides.
When representing the different compounds with the average concentration found, it can be seen that the fungicides and insecticides occur at the same average concentar tion in pot soil (Fig. 9, top, right) . In the pot plants the mean concentration of insecticides are higher, and in the flowers the mean concentration of fungicides are slightly higher.
In addition to the findings in Table 9 the following pesticides were detected in the runoff from the greenhouse areas: pyrimethanil, metalaxyl, cyprodinil, propiconazole, iprodion, azoxystrobin, pirimicarb, simazine, imazalil, prochloraz, isoproturon, endosulfan-sulfat, 2,6-dichlorbenzamid, metribuzin, propachlor, diazinone, vinclozolin and klorfenvinphos. The compounds in bold were detected in concentrations exceeding the PNEC value.
In addition endosulfan was detected in greenhouse products imported from Scandinavian countries; 3.9 mg/kg in solanum (a non-edible tomato plant, from Denmark), and 8.9 mg/kg in potted soil (Roseth, 2009 ). In these samples endosulfan-was the dominating constituent.
